Non-adherence to drug therapy has not been extensively studied in patients with chronic kidney disease (CKD). The objective of the present study was to identify determinants of non-adherence to drug therapy in patients with CKD, not on dialysis. A prospective cohort study involving 149 patients was conducted over a period of 12 months. Adherence to drug therapy was evaluated by the self-report method at baseline and at 12 months. Patients who knew the type of drug(s) and the respective number of prescribed pills in use at the visit preceding the interview were considered to be adherent. Patients with cognitive decline were assessed by interviewing their caregivers. Mean patient age was 51 ± 16.7 years. Male patients predominated (60.4%). Univariate analysis performed at baseline showed that non-adherence was associated with older age, more pills taken per day, worse renal function, presence of coronary artery disease, and reliance on caregivers for the administration of their medications. In multivariate analysis, the factors that were significantly associated with non-adherence were daily use of more than 5 pills and drug administration by a caregiver. Longitudinal evaluation showed an increase in non-adherence over time. Medication non-adherence was lower (17.4%) at the baseline period of the study than after 1 year of the study (26.8%). Compared to the baseline period, the percentage of adherent patients who became non-adherent (22%) was lower than the percentage of non-adherent patients who became adherent (50%). In CKD patients not on dialysis, non-adherence was significantly associated with the number of pills taken per day and drug administration by third parties. Adherence is more frequent than non-adherence over time.
Introduction
Chronic kidney disease (CKD) is a major public health problem and its diagnosis is greatly facilitated by the criteria of the Kidney Disease Outcomes Quality Initiative (K/DOQI) of the US National Kidney Foundation (1) . According to the clinical practice guidelines of K/DOQI, CKD is defined for individuals with glomerular filtration rate <60 mL·min -1 ·1.73 (m 2 ) -1 , estimated at two different times with an interval of at least three months.
In Brazil, there are no population studies on the prevalence of CKD, but the causes and risk factors of CKD in our country are similar to those found in the United States, which leads us to believe that the disease also has a high prevalence in our country (2) .
Slowing the rate of disease progression in the early stages of CKD is a major goal, together with monitoring and correcting its complications and comorbidities, and treating the underlying disease. However, to achieve these goals, adherence to treatment plays a major role, whereas non-adherence to prescribed drugs significantly increases morbidity and mortality in developing countries (3, 4) .
According to the World Health Organization (WHO), "adherence is a person's behavior concerning taking medica-
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tion, following a diet, and making changes in lifestyle in accordance with a medical or non-medical health professional recommendations" (5) . Non-adherence is considered to be a multidimensional phenomenon related to multiple factors, and its occurrence can adversely impact the course of the disease, particularly in cases of chronic disease (5) . These factors are determined by the characteristics of each disease, patient's healthcare system, socioeconomic factors, treatment characteristics, and the health team who assists the patient; thus, considering patients as solely responsible for following treatment is misleading (6), mainly because some factors are independent of their will, particularly the occurrence of different levels of cognitive decline (7-10), treatment of asymptomatic diseases, medication side effects, no clarification about the disease, and medication cost (11) .
The methods used to assess adherence to drug therapy can be classified into direct and indirect. The direct method is based on analytical techniques that confirm if a given medication was taken at the dose and frequency prescribed by the identification of drug metabolites or chemical markers in the body (12) . Indirect methods are those based on selfreport, pill count, tablet refills, electronic monitoring (13) , and Morisk's method, among others (14, 15) .
So far, most of the studies on adherence in patients with kidney diseases have assessed non-adherence to immunosuppressive drugs as the cause of graft loss in transplanted patients, whereas few studies have been conducted on patients with CKD not yet on dialysis. The aim of the present study was to evaluate adherence to drug therapy and associated factors of non-adherence in patients with CKD, not on dialysis.
Material and Methods
In the present study, a cohort of patients who attended the outpatient service of Nephrology at Hospital Universitário, Universidade Federal de Juiz de Fora (HU/UFJF), was followed for 1 year from October 2007 to September 2008. Patient care was provided in the setting of a secondary care university interdisciplinary clinic, with ongoing involvement of a nurse, a nephrologist, social workers, a psychologist, and nutritionists, all of them seeing the patients on the same day.
The inclusion criterion was age above 18 years. Patients older than 60 years underwent the Minimental State Examination (MMSE) and, when they were found to have impaired cognitive function test, the caregiver was invited to answer the questionnaire in the place of the patient.
The study was conducted over two periods: at the baseline period the data were obtained when the patients came to the Clinic and consisted of demographic, clinical, and laboratory data and patient's lifestyle; adherence to drug therapy was assessed by the self-report method (16, 17) , which consisted of the patient's information about which drugs he had taken since the last follow-up visit. After the description given by the patient, the reported drugs were compared to the prescription on the patient's record in order to identify the accuracy of the self-report. When accuracy was not detected, the patient was classified as non-adherent. The patient was also considered to be non-adherent when he reported not taking one dose of the medication, when he spent a day or more without taking the drug, or if he interrupted treatment.
The drugs evaluated were antihypertensive drugs such as beta-blockers), angiotensin-converting enzyme inhibitors, angiotensin-receptor blockers, calcium channel blockers, and diuretics, in addition to statins and acetylsalicylic acid. Patients who reported the drugs and number of units in use consistent with the prescription made in the visit that preceded the interview, were considered to be adherent. A reassessment of adherence to drug therapy was done 1 year later via telephone interview.
At the variable adherence crossover, a dichotomous categorical variable with metric, continuous and normally distributed variables, we applied the Student t-test; with polychotomous categorical variables, we used the χ 2 test; and with dichotomous variables, we used the Fisher exact test. We used logistic regression, adjusted for statistically significant variables in univariate analysis and, to compare adherence throughout the studied stages, we used the McNemar test (18, 19) . In univariate analysis, P < 0.05 was considered to be significant. Table 1 presents the data for 149 patients assessed at baseline. There was a prevalence of males (60.4%), mean age was 51 ± 16.7 years, the majority was married (61.1%) and had a mean educational up to primary education (67.1%). Most had personal incomes below the poverty level (62.4%), and 55.7% were retired. The mean glomerular filtration rate (GFR), estimated by the Modification of Diet in Renal Disease formula for the group, was 48.9 ± 28.4 mL·min -1 ·1.73 (m 2 ) -1 . Most patients self-administered their own medication (77.9%) and the average daily number of tablets per patient was 6.7 ± 4.0.
Results
Non-adherent patients had a higher mean age, were using a larger amount of pills per day at baseline and at the final period, did not self-administer medications, had higher mean serum creatinine, lower GFR, and a lower frequency
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of coronary heart disease. Table 1 shows that among 116 (77.9%) patients who self-administered their medication, 14 (12.1%) were non-adherent and 102 (87.9%) were adherent. In 16 (10.7%) of the 149 patients who presented coronary disease, 6 (37.5%) were non-adherent and 10 (62.5%) were adeherent. Compared to baseline, the percentage of non-adherence increased from 17 to 27% (P = 0.04) among patients initially adherent, and, more importantly, decreased in 50% in patients who were initially non-adherent (Figure 1) .
The logistic regression model, adjusted for statistically significant variables in univariate analysis, showed that intake of five or more tablets per day, as well as drug administration by caregivers, were significantly associated with patient's non-adherence (Table 2) .
Discussion
In the present study, non-adherence to drug therapy among patients with kidney disease who were not on dialysis was found to be associated with a larger number of pills taken per day and drug administration by a caregiver.
Non-adherence to medication in chronic illness significantly increases morbidity and mortality, especially in developing countries (3, 4) . The measurement of non-adherence and the risk factors associated with it aim to develop interventions to improve adherence (5). Non-adherence to drug therapy has multifactorial origins (11) .
Most studies on adherence to drug therapy in renal diseases are conducted on post-transplant patients (20) and evaluate the percentage of non-adherence to immunosuppressants and outcomes such as death and graft loss (21) . So far, only two studies have been published on the evaluation of adherence by patients with kidney disease not yet on dialysis (22,23), a fact that justifies the relevance of the present study.
There is no satisfactory gold standard method for assessing adherence to drug therapy, since all methods have limitations related to low sensitivity and specificity (5) . We used the self-reported method to test patients' adherence, which was applied during a visit to the clinic and by telephone. Since this method is easy to use and interpret, it can be incorporated into the management of patients with kidney disease.
Comparisons of results from this study with previously published reports are difficult due to the great diversity of methods used in assessing adherence (24) and the scarcity of publications on patients with clinical conditions similar to those of our patients. For example, Moreira et al. (22) , using the self-report method and a drug profile similar to the one used by us, found a non-adherence rate of 18.5% in non-dialysis patients. Likewise, Lee et al. (23), based on two methods, pill count and electronic monitoring, observed a non-adherence rate of 18%. These percentages are similar to those found in our study at the baseline period (17.8%).
Similarly to what has been described in other studies (13, 17) , we also observed that the number of non-adherent patients increased throughout the study (up to 26.8%), but it is worth noting that the percentage of adherent patients who became non-adherent (22%) was lower than the percentage of non-adherent patients who became adherent (50%), possibly demonstrating the educational role of the interdisciplinary team in monitoring patients with CKD.
Regarding the demographic variables of our sample, there was a prevalence of low educational level and of low income, but gender, marital status, education, retirement, and personal income, identified as risk of noncompliance in other publications (17,23), were not statistically significant risks in our study.
Another possibility that may explain these findings is that, in standard patient care, the staff seeks to provide guidance using accessible language about the importance of regular schedules, medication storage, and most frequent side effects, besides encouraging the use of mechanisms that help the patient to remember taking the medications, such as cell phone, alarm clocks. Although our study was not designed to evaluate the role of interdisciplinary care in adherence to drug therapy, recent studies have shown that patients treated by a multidisciplinary team show better clinical and laboratory parameters at the beginning of dialysis compared to those who receive medical care only from nephrologists (24,25). These findings are possibly related to greater adherence to the clinical guidelines received.
Impaired renal function observed in progressive kidney disease, particularly in more advanced stages, is associated with complications and comorbidities that require prescription of many different drugs. The impact of the number of drugs and of renal function on adherence to drug therapy has been studied mainly in kidney transplant patients but has been underappreciated in patients with kidney disease not yet on dialysis. Moreira et al. (22) observed that the average number of daily pills (≥4 pills per day) and the more advanced stages of chronic kidney disease (stages 4 and 5) were statistically associated with non-adherence to drug therapy. In our study, the association of degree of renal dysfunction and non-adherence to drug therapy was only observed in univariate analysis, whereas the association with number of pills was statistically significant after adjusting for the variables age, drug self-administration, and comorbidity such as coronary artery disease.
Patients with cognitive decline, a variable with negative impact on adherence (17), were assessed for adherence to drug therapy by means of caregivers. Contrary to our expectation, we found a higher frequency of non-adherence
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among patients who relied on caregivers (a family member or close friend) to take their medicines compared to those who self-administered their medication. Although in most cases there is no way to reduce the drug arsenal used for the clinical management of patients with CKD, it is possible to reduce the amount and frequency of drugs, giving priority to long-acting ones administered once daily, and thus minimizing non-adherence to prescribed medications.
In order to improve adherence to drug therapy in patients who depend on caregivers to manage their medications, it is necessary to use an accessible language to clearly explain to the caregivers the importance of schedule regularity, medication storage, most frequent side effects, and the use of strategies that may help them to remember taking the medications (26) and we believe that pharmacists could play a key role in the multidisciplinary team in developing these strategies.
Although our study has focused on drug adherence, the concept of adherence defined by the WHO also includes items such as diet and changes in life style (5) . This study had limitations: i) at baseline the interview to evaluate adherence to drug therapy was assessed by the self-report method and at the end of the study the patients were contacted by telephone; ii) we excluded patients who showed cognitive impairment when tested by the MMSE.
The present study showed that non-adherence to drug medication was identified in 17.4% of patients with kidney disease not on dialysis and increased during the next 12 months of the disease course to 26.8%. Non-adherence to medication is associated with the intake of a larger number of daily pills and with reliance on drug administration by caregivers. 

